Introduction
============

Laparoscopic surgery is known to be less painful than open surgery. Nevertheless, many studies have reported the need to reduce pain following laparoscopic procedures. This may be because many patients still require painkillers to control postoperative pain, and surgical stimulation can lead to chronic pain.

Local anesthetic infiltration at incision sites is known to reduce the pain due to laparoscopic surgery, and its advantage is its easiness and safety \[[@B1],[@B2]\]. Additionally, transverse abdominis plane (TAP) block is a recommended multimodal method of reducing postoperative pain in laparoscopic and open surgery \[[@B3],[@B4]\].

However, according to recent reports, TAP block following local anesthetic infiltration at trocar sites offered no clinically important benefit in laparoscopic appendicectomy \[[@B5]\]. In patients undergoing laparoscopic cholecystectomy, TAP block was reported to be equivalent to local anesthetic infiltration for postoperative pain control \[[@B6]\].

Hence, the effectiveness of TAP block following local anesthetic infiltration is unclear. We planned the present study to evaluate the effectiveness of this technique in laparoscopic totally extraperitoneal hernia repair (TEP).

Materials and Methods
=====================

The present study included 74 American Society of Anesthesiology physical status I, II in patients, aged 18 and older, who had undergone TEP under general anesthesia. Patients who underwent emergency surgery with complications and had a history of previous hernia repair or coagulopathy were excluded from the present study. Additionally, patients were excluded if they had little understanding of the pain score. The present study was approved by the Institutional Review Board of our hospital, and written informed consent was obtained from all of the patients.

We randomly divided the patients into two groups: the control group and TAP group. An intramuscular injection of glycopyrrolate 0.2 mg was administered as premedication, and standard monitoring with electrocardiography, capnography, pulse oximetry, noninvasive blood pressure, and bispectral index (BIS) was applied. Anesthesia was induced with propofol 1-2 mg/kg, rocuronium 0.6 mg/kg and remifentanil 1 µg/kg. To maintain the proper depth of anesthesia, we used desflurane 6 vol% and maintained the mean arterial pressure at 60-100 mmHg and BIS at 40-60 by adjusting the infusion rate of remifentanil. After induction of anesthesia, ultrasound-guided bilateral TAP block with 30 ml of 0.375% ropivacaine was performed using the method reported by Hebbard et al. \[[@B7]\] in the TAP group only. We placed a probe immediately above the iliac crest vertical to the mid-axillary line, inserted a 22 G short bevel needle in the anterior axillary line, and injected into the TAP. All of the patients received preincisional infiltration in three or four trocar sites with 5 ml of 0.375% ropivacaine. TEP was performed using the classic method by two surgeons who were unaware of the patient groups and experienced in TEP ([Fig. 1](#F1){ref-type="fig"}). The carbon dioxide infusion pressure was set at 12 mmHg, and a mesh was placed and fixed with a few tackers. Toward the end of the surgery, we stopped the infusion of remifentanil and recorded the amount used, and then administered propacetamol hydrochloride 1 g mixed with normal saline.

On arrival in the recovery room, if the patient complained of pain over the numeric rating scale (NRS) (0: no pain, 10: worst pain) 5 at rest or required analgesics, we administered fentanyl 50 µg intravenously. Every 10 min, we rechecked the pain score of the patient until discharge from the recovery room. If required by the patient or the NRS was greater than 5, fentanyl 50 µg was likewise administered after an interval of 10 min. In the patient ward, if the patient required a painkiller, ketorolac 30 mg was administered intravenously up to two times, and the pain score was recorded at 4, 8, and 24 h following surgery. Additionally, the total amount of analgesics used during the postoperative 24 h and the incidence of nausea were recorded. All data were measured and recorded by the investigator in a blinded manner.

The sample size was calculated from the pilot study. On arrival in the recovery room, the control group NRS was 5.62 ± 1.94; thus, an NRS less than 4 for the TAP group was considered clinically significant. Thirty-two subjects per group were needed for α = 0.05 and power = 0.9. However, thirty-seven subjects were actually included in each group considering the patient loss for observation. Statistical analysis was performed using SPSS (version 14.0; SPSS Inc., Chicago, IL, USA). Student\'s t-test was used for continuous variables, and a chi-squared test and Fisher\'s exact test were used for categorical variables. A P value less than 0.05 was deemed to indicate statistical significance.

Results
=======

A total of 74 patients agreed to participate in the present study. However, the data were analyzed on 33 subjects in the TAP group and 37 subjects in the control group. Four subjects in the TAP group were excluded from the analyses. Of those, two subjects were discharged from the hospital on the day of surgery, and two subjects applied for intravenous patient-controlled analgesia before surgery.

Patients\' characteristics, with the exception of the duration of anesthesia showed no significant difference between the two groups ([Table 1](#T1){ref-type="table"}). The duration of anesthesia was longer by 12 min on average in the TAP group because of the TAP block. [Table 2](#T2){ref-type="table"} shows the postoperative pain scores at each time point. In the recovery room, compared with the control group, the pain score in the TAP group was lower at rest and on coughing. However, when leaving the recovery room, no significant difference was noted at rest. In the patient ward up to 8 h post-surgery, although all NRS scores were lower in the TAP group, no significant difference compared with the control group was observed.

[Table 3](#T3){ref-type="table"} shows the amounts of analgesics required. In the recovery room, the number of patients who were administered intravenous fentanyl was 30 (81.1%) in the control group and 17 (51.5%) in the TAP group. In the patient ward, the number of patients who required analgesics was 12 (32.4%) in the control group and 3 (9.1%) in the TAP group. No significant difference was noted in the incidence of nausea in the control group (5 \[13.5%\]) and TAP group (6 \[18.2%\]).

Discussion
==========

Because local anesthetic infiltration at incision sites is easy, safe, and effective, it is regarded as a good method of reducing the pain due to laparoscopic surgery. Ahn et al. \[[@B2]\] reported that preincisional infiltration with bupivacaine reduced the postoperative pain scores and the amount of analgesics needed up to post-surgery 12 h in patients who underwent laparoscopic appendectomy. Pavlidis et al. \[[@B1]\] reported that preincisional periportal infiltration with ropivacaine is effective for pain control in patients undergoing laparoscopic cholecystectomy or laparoscopic transabdominal preperitoneal hernia repair (TAPP) until 6 h postoperatively. Additionally, Cantore et al. \[[@B8]\] stated that pre-incision local infiltration is more effective than that post-incision.

TAP block blocks the sensory nerve supply to the anterior abdominal wall and is performed using a blind technique or ultrasonography. In recent years, ultrasound-guided TAP block has been performed most commonly because of its safety and accuracy. In laparoscopic surgery, the effectiveness of TAP block has been demonstrated in many studies. Of those studies, ultrasound-guided TAP block using a mid-axillary approach has led to good postoperative pain control in laparoscopic cholecystectomy, laparoscopic bariatric surgery, laparoscopic colorectal surgery, and ambulatory gynecological laparoscopic surgery \[[@B3],[@B4],[@B9],[@B10],[@B11]\].

In direct comparison studies of TAP block and local anesthetic infiltration, Tolchard et al. \[[@B12]\] stated that subcostal TAP block is superior to conventional port-site infiltration using the same amount of bupivacaine for postoperative analgesia of 43 patients undergoing laparoscopic cholecystectomy. However, Ortiz et al. \[[@B6]\] reported that bilateral ultrasound-guided TAP block using a mid-axillary approach is equivalent to local infiltration of trocar sites for overall postoperative pain in 80 patients undergoing laparoscopic cholecystectomy. In the above two studies, TAP block was not performed using the same method. Although the subcostal approach could be superior to the mid-axillary approach in laparoscopic cholecystectomy, this has not yet been demonstrated in a sufficient number of studies. Thus, it is unclear whether TAP block is more effective than local anesthetic infiltration in laparoscopic surgery.

Few studies have investigated the effectiveness of TAP block following local anesthetic infiltration. Sandeman et al. \[[@B5]\] reported that TAP block following local infiltration of trocar sites in 72 children undergoing laparoscopic appendicectomy conferred no benefit, and no difference was noted in the total dose of patient-controlled analgesia morphine used and pain scores between the groups with or without TAP block.

We believed that ultrasound-guided bilateral TAP block would be more effective in TEP than in laparoscopic appendicectomy because TEP is performed in the preperitoneal space of the lower abdomen. Tran et al. \[[@B13]\] stated that ultrasound-guided TAP block using a mid-axillary approach could be used restrictively for lower abdominal surgery because only T10-L1 was stained when TAP block was performed using 20 ml dye in a cadaver study. Thus, we planned to demonstrate the effectiveness of TAP block following local anesthetic infiltration in TEP. In our study, the pain score in the recovery room immediately after TEP was significantly lower in the TAP group than in the control group. However, we could not demonstrate a continuous analgesic effect of TAP block using pain scores, although the amount of analgesics used was significantly lower than that in the TAP group. The reason is considered to be due to the fact that the local infiltration may result in a considerable reduction of pain in both groups. Another reason could be that pain reduction on the day of surgery is faster than other laparoscopic surgery \[[@B3]\].

Laparoscopic inguinal hernia repair is usually performed using one of two methods-TAPP and TEP. Similar to other abdominal surgery techniques, the laparoscopic procedure for inguinal hernia repair has the advantage of rapid recovery, fewer complications, and rapid return to work \[[@B14],[@B15]\]. Of the two methods, TEP is performed not in the intraperitoneal cavity but in the preperitoneal space. Hence, TEP has some advantages over TAPP with respect to the rate of port-site hernia \[[@B16]\], and the postoperative pain may be more limited to the lower abdominal area than with TAPP. In our study, the areas of pain that patients primarily complained of were the trocar site of the umbilicus and the hernia site at which the surgical procedure was carried out; no patient complained of shoulder pain due to carbon dioxide insufflations, unlike in other laparoscopic surgical techniques.

The factors associated with postoperative pain in TEP include tissue dissection, gas insufflations to the preperitoneal space, and mesh fixation \[[@B17]\]. Several trials have aimed to reduce post-surgical pain following TEP. Hon et al. \[[@B18]\] reported that preemptive infiltration to all of the port sites and instillation to the preperitoneal space with 20 ml of 0.5% bupivacaine significantly reduced postoperative pain for up to 24 h without increasing complications such as seroma; hence, it can be recommended as routine practice. Kumar et al. \[[@B19]\] reported that, although preperitoneal instillation with 30 ml of 0.25% bupivacaine toward the end of surgery showed no difference compared with the control group in terms of the time of return to work, the pain score was reduced for up to 48 h.

We did not perform preperitoneal instillation with local anesthetics in the present study because, if performed following TAP block, serious neurotoxicity could result. Griffiths et al. \[[@B20]\] stated that TAP block using 3 mg/kg ropivacaine could lead to neurologic complications because of the high blood concentration of ropivacaine. Hence, we used a total of 131 mg of ropivacaine in the TAP group.

Less remifentanil was infused in the TAP group than in the control group, albeit not significantly so. We believe that the short operation duration might be the reason for the lack of a difference in the dose of remifentanil used in the two groups.

The limitation of the present study is its possible bias due to the technique being performed by two surgeons, although TEP was performed by the same team.

In conclusion, we suggest that TAP block following local anesthetic infiltration could be a multimodal method of reducing the amount of analgesics and pain immediately after TEP. However, to recommend its routine use in patients undergoing TEP, we believe that additional studies that include assessment of the quality of recovery and patient satisfaction should be carried out to demonstrate its effectiveness.

![(A) Intraoperative laparoscopic view of the left preperitoneal space of a patient (1: internal inguinal ring, 2: inferior epigastric vessels, 3: testicular vessels, 4: vas deferens, 5: external iliac vessels, 6: Hasselbach\'s triangle). (B) A mesh was placed and fixed with a tacker.](kjae-67-398-g001){#F1}
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Characteristics of the Patients
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Data are expressed as means ± standard deviation (SD) or numbers of patients.
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Postoperative Pain Scores (Numeric Rating Scale, NRS) of the Control and TAP Groups
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Data are presented as means ± SD. NRS (0 = no pain, 10 = worst pain).
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Amounts of Analgesics Required
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Data are presented as means ± SD.
